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The invention relates to a for mutation, which can 
be implanted, of regulatory peptides and of analogs 
thereof with protracted release, and to processes for the 
preparation of the implants. 
5 It has already been reported that, during in 

vitro experiments,, the active compound is released slo-.-ly 
from matrix tablets containing 7-hy dr oxy et hy I t heoph y I L i n e, 
as the active compound, and po Ly-D (-) -3-hy d roxy bu ty r i c 
acid, as the biologically degradable carrier material 
10 (Phariru Ind. 45_, pages 525-527 (1983)). 

It has further no re been reported that the pep- 
tides are released slowly from medicaments containing 
peptides as the active compounds and biodegradable poly- 
mers as carrier substances. The carriers are chiefly 
'l 5 synthetic polyesters of lactic acid and copolymers of 
lactic acid and g ty colic acid Cc.f. for example, Euro- 
pean Patent Applications publication numbers 0,052,510 
and 0,053,481) and synthetic amino acid polymers ( c . f , 
U.S. Patent 4,351,337). The disadvantage of synthetic 
20 polymers is that residues of the polymerization cotalyst 
must be reckoned with. Such residues are undesirable in 
me di cedents , especially in implants. 

It has now been found that naturally occurring 
po ly hyd roxybuty r i c acid is suitable as a carrier for 
25 pept i da-cont a i ni ng irtplants from which the active com- 
pound is released in c protracted manner. 
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The invention thus relates to implants containing 
regulatory peptides or analogs thereof ss the active con- 
pounds and naturally occurring po ly-D- (-> -3-h y d roxy h u t y- 
ric acid (PHB) of the formula 



H0-CK-CH o -C0(0-CH-C}U"C0-) C-CH-C:I„-CO 
j 2 , c n } 2 

• H CH 3 CH 3 



in which n represents a nuraber/ botwoofv SOO ^dr - o- 23,000, as 
the biologically degredsbls carrier. 

In the statements made above and below, "pep- 
tides" means regulatory peptides and analogs thereof, as 
10 well as physiologically acceptable salts thereof.. 

The invention furthermore relates to processes 
for the preparation of implants containing regulatory 
peptides or analogs thereof as active cciripourids, which 
comp rise 

15 1. dissolving the active compound in a lou-mo lecu I a - 

alcohol which has 1 to 4 carbon atorcs and is optionally 
substituted by up tc 3 fluorine atoms or in water or in 
mixture of these solvents, nr. i x i n g the solution with the 
poly-D-C-)-3-hydrcxybutyri c ?cid, drying the moist mete- 
20 rial and pressing the product, cr 

2-. dissolving the pc ly-P C-> -3-h/d r oxybu tyr i c acid i 

a halogensted aliphatic C-j -C^-hydroc a rbon,- nixing the 
solution with a solution of the active compound in a Low 
molecular alcohol which has 1 to 4 carbon atoms and is 
25 optionally substituted by up to 3 fluorine atoms, sub- 
ject i n Q t n e resulting solution to spraydrying and 
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pressing the dried cott onwoo I - I i k e material, or 
3. dissolving the po ly-D (-) -3-h ydr o xybu ty r i c acid in 

a ha Logenated aliphatic C-j -C^-hy d ro c a rbon, suspending 
the active compound in this solution, pouring the suspen- 
5 sion onto a suitable substrate, for example into a glass 
dish, evaporating off the solvent and, if appropriate, 
dividing up the resulting film into pieces of suitable 
size. 

The resulting pressed pieces or filas can be 
10 ground and divided into various particle sizes by sieving. 
The solid shaped articles can be implanted cs such or, 
after prior comminution, injected in the form of 
suspensions. 

The regulatory peptides ( n a 1 u rally occurring - 
15 synthetic ond semi-synthetic), which can slso bs used in 
the form of salts, are soluble in water and lou-m o I e cu I a r 
alcohols which are optionally substituted by fluorine. 
Possible alcohols are, in particular, methanol, and tri- 
fluoroethanol. Particularly suitable solvents for the 
20 PHB are fluorinated and chlorinated hydrocarbons, such as 
methylene chloride, chloroform and 1 ,1 ,2-t ri ch loro-1 ,2,2.- 
trifluoroethane, methylene chloride and chlorofcrp, being 
especially suitable. 

The PHB is s y n ± h e s i z c d by bacteria, such as, for 
25 example, by Alcatigenes eutrophus . It is obtained in the 
form of small globules in the bacteria and can be greatly 
increased in concentration by corresponding conditions in 
the bacteria and easily isolated therefrom C c . f - P h a r m a . 
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Ind. 4_5, pages 525-527). Each unit of PHB consists of 
optically pure D-(->-3-hydroxybutyric acid. 

Biological degradation of PHB in vivo proceeds 
relatively slowly and contributes little to the release 
5 of an active compound from an implant. The release is 
chiefly controlled by the surface of the implant and the 
amount of active compound contained therein. If very 
small amounts of e peptide are to be released for a rela- 
tively long time, an i meant with a small surface area and 
10 a low peptide content, for example in the form of pressed 
pieces, is advisable- The release from the pressed piece 
can be further reduced by coating the implant completely 
or partly with a layer of PHB or other biologically 
degradable polymers, such as polylactic acid or polylac- 
15 tic acid/pclyglycolic acid copolymers or with polymers 
such as ethylcellulcse, p o I y C m e t h ) a c r y I i c. acid deriva- 
tives or polydimethylsiloxanes. 

An essentially uniform release of peptides for up 
to one year can be achieved with such impants. The iir- 
20 plants can easily be removed by operation, if the treat- 
ment is to be discontinued. 

W hi 1st the implantation tablets prepared accord- 
ing to method 1 release a relatively constant amount of a 
regulatory peptide from the start, the implants obtained 
25 according to method 2 release a relatively large amount 
of peptide in the first days and then release constant 
small amounts. Good adaptation to the desired pattern of 
release of the active compound is thus possible with the 
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implants according to the invention. 

These slow rates of release are surprising when 
compared with the rates of release of about 40 days, 
which in contrast are rapid, obtained with the copolymers 
5 of Lactic acid and glycolic acid (cf. European Patent 
Application publication number 0,058,481). 

Very small tablets or other small shaped articles 
throughout which the entire dose is distributed arc suit- 
able as implants for shorter release tines. As a result 

10 of the substantially larger surface arc- a which a large num- 
ber of medicinal carriers have in comparison with a 
single shaped piece, the relesf e is more rapid. Small 
particles which can be prepared by comni nut i on of tab- 
lets and films are preferred. They can be injected, 

15 after suspension in a suitable Medium. The particle size 
should not exceed a particular value h-sro and is advan- 
tageously in the ra,.ge from 0.1 to 200 urn. 

Physiological saline solution in which,, for 
example, 1% of hy droxyp ropy I «i 2t hy I c o I lu I ose (l-'-et note I R 

20 E5), ca rboxymethy I ce I. lu Lose (Blanose " 7LP) or polyethy- 
lene glycol sorbitan mo no s t e a r a t e (Tween ^ 20) is dis- 
solved can be used for suspension and injection of the 
particles. 

Regulatory peptides are endogenous peptides which 
25 have a physiological action, they are also called peptide 
hormones, which, depending on the site of synthesis or 
release, are classified into, for example, peptide hor- 
mones of the hypothalamus, of the pituitary gland, of the 
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gastrointestinal tract or of the thyroid gland. This 
classification is inappropriate today, since it is known 
that the so-called peptide hormones are not produced only 
at one site in the body and, in addition to their endo- 
5 crine mode of action, can also act in a paracrine or 
neurocrine canner. 

Classification of these peptides according to 
indications is also inappropriate, since they can d e v e L o p 
the most diverse therapeutic activities, depending on the 
10 site of action and the dose. 

Examples of representative regulatory peptides 
which the implants according to the invention can conl?in 
are oxytocin, vasopressin, thyroliberin the anorex i geni c. 
peptide, gonado I i be r i n, ca I c i t on i n, pa ro t ho r none the 
15 epidermal growth factor, secretin the vasoactive intes- 
tinal peptide, somatoliberin the gastrin-inhibitino or 
g I u c o s e - d e p e n d f; n t i n s u I i n o I r o p i c peptide, glucagon the 
pancreatic spasmolytic peptide,- sonato statin, bombesin 
the gastrin- releasing peptide, n.otilin, neut rotensin, 
20 substance P, sauvagin, corticoHberin, u rot ens in I and 
II, angiotensin I end II, bradykinin, corticotropin, 
encephalins, dynorphin, dermophin, casomorh i ns, gastrin, 
cholecystokin, cerulein, thymus factors, interferons, 
insulin, growth horinone and prolactin. 
2 5 The highly active analogs of g o n a d o I i b c r i n , such 

as, for example, CD-Se r (Su t ) 6 3 gonado I i be r i n- (1 -9) nona- 
peptide-etnylamide (buserelin, Drugs of the Future 4, 
1979, pages 175-77, 3, 1983, page 254), CD-Trp 6 3 
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gonado L i be ri n (Drugs of the Future 3, 1973, pages 645- 
646), CD-Trp^jgonadoliberin(1-9)~nonapeptide-et!iylaniide 
(Drugs of the Future 7, 1982, pages 637-642), CD-Leu 6 ! 
gonado Li beri n (1 -9) -nonapept i de~et hy larni de (Drugs of the 

5 Future 7, 1982, pages S82-S86), CD- S e r ( Bu* ) 6 , AzaGLy 10 ^ 
gonadoliberin (Drugs of the Future 5_, 1980, pages 191-192; 
8, 1983, pages 364-365), CD-Trp 6 , N-HeLeu 7 D gonado I i be r i n- 
(1-9)-nonapeptide~ethylami de (Drugs of the Future 8, 1 983. 
pages 347-350), ED-r^-a m i no a d i p i c acid Q-t e rt . -but y I 

10 e sterol! gonado L i be r i n- (1 -9) -nonap ep t i de-e t hy I rsn i de (Gtraan 
OffenLcgungsschrift 3,020,941 ), LD-Ly s (Bo c) 6 Ii gonadoliberin- 
(1 -9) -nonapept i de-et hy larci de (German Patent 2,438,350), 
CD-3-(2,4,6-trirnethyLph enyl)-ALa^3 gonadoliberin and 
ED-3-(2~naphthy 1>-Ala 6 j gonadoliberin (J. Red. Cher,,. 25. 

15 1982, pages 795-801), are of particular importance. 

In a high dosage, these peptides reduce the 
plasma Levels of lutropin and follitropin and hence those 
of the gonadal steroids testosterone and o estradiol. 
These derivatives can therefore be used for hormone- 

20 dependent tumors, such as, for example, carcinoma of the 
prostate or of the breast, and also for endometriosis and 
pubertas preacox in children. Continuous uniform release 
of the active compound is particularly important for this 
therapy. With the formulation according to the invention, 

25 the necessary amount of the active compound, which would 
otherwise have to be administered parenter&Lly or -intra- 
nasal I y 2-3 times daily, can be reLeased for weeks or 
months with a single administration. Use on older persons 



and children is thus particularly safe from administra- 
tion errors (compliance). 

Ano her important use of the formulation according 
to the invention is the protracted release of somatostatin 
5 and somatostatin snelogs, which can be used in all cases 
where somatostatin infusions exhibit an advantageous 
effect; for example for hemorrhages of the .gastrointes- 
tinal tract,, for gastric ulcers, for the treatment cf 
tumors which produce hormones which can be inhibited by 
10 somatostatin, such as, for example, for Zollinger -Ellis on 
syndrome or Verner- Morrison syndrome, or for tumors which 
produce insulin or glucagon, for hormone "dc pendent tutors, 
if "the corresponding h or wo ties can be inhibited by somato- 
statin, for certain types of Leukemic., for metabolism d i s - 
15 orders with increased hormone levels which con be inhibi- 
ted by somatostatin, such as, for excnple, rheumatoid 
arthritis, where- the plasma insulin and growth horncne 
ere too high, for a c r o rn e g a I y or psoriasis, for Diabetes 
mellitus (inhibition of glue agon), for chondrosarcoma and 
20 for states of shock. 

Highly active analogs of somatostatin are com- 
pounds in which, for example, Trp^ is replaced by D-Trp or 
5-F-D-Trp, or shortened cyclic compounds, such as, for 
example, 

25 Cpro-Pht-D-Trp-Lya-Thr-PhoJ 



(Nature 292 , 1981, page 5 5) or 
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H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Tbr-ol 

(Life Sci. 3_1_, 1982, pages 1,133-1,140). 

Therapy of upper gastrointestinal, hemorrhages with 
secretin infusions can also be simplified by the new 
galenical f o rrcu I at i on . 

The ratio of active compound to carrier material 
5 can vary within wide limits. Since the peptides are 

administered in low dosages, the amount of carrier mate- 
ria. I in the implants is relatively high (for example 
100 : 1 to 10,000 : 1) . 
Examp I e 1 : 

10 2.5 g of P KB were moistened with a rn e t h a r. o I i c 

solution containing 2.875 nig of buserelin acetate (cor- 
responding to 2.5 ng of buserelin) and [nixed thoroughly. 
The moist material was dried in vacuo, with shaking. The 
procedure was repeated several times with pure methanol. 

15 The dry mixture was pressed to tablets (implants) weigh- 
ing 50 rag and containing 50 ug of buserelin. 
Examp le 2 : 

2.875 mg of buserelin acetste (corresponding to 
2.5 ma of buserelin) were dissolved in 30 ml of methanol, 
20 and 2.5 g of P H S were dissolved in 70 ml of chloroform. 
The two solutions were combined and subjected to spray- 
drying. A flaky powder was obtained, from which tablets 
weighing 50 mg and containing 50 ug of buserelin were 
pressed. 



Example 5 : 

The pressed pieces prepared under Example 1 or 2 
were micron iz?d. The resulting particles were divided 
into particle size ranges up to about 200 um by sieving. 
5 The fraction? were suspended i n phy s i o logi ca I saline solu- 
tion with 1% of carboxyiiiethylcellulose in a concentration 
of 50 mg/ml for injection. 
Example 4 : 

2.5 g of PHB were dissolved in 2 5 g of chloroform. 

10 287 .5 in g of buserelin acetate (corresponding tc 250 rcg of 
buss re I in) viere suspended in this solution. The suspen- 
sion was poured into a Petri dish. The solvent was 
allowed to evaporate slowly, A film was formed, and 
divided into flakes 1 cm 2 in size, containing c-bout 5 

15 of buserelin. 
Ex ample 5 : 

Biologica l t e s t i ng o f t h e f o r m u I a t i o ns o n__ r_a t s 

Two implantation materials of PHB and a copolymer 
of lactic acid and g I y c o I i c acid ( P L G ) of identical 

20 weight and size which had been prepared analogously to 
Example 1 were investigated. The materials were tested 
on adult rats weighing 400 g, the snount of peptide 
released each day being determined by pharmacokinetic 
detection by ;n e a n s of specific radioimmunoassay. In the 

25 case of the PHB irsplant, a release of 0.203 + 0..038 ng of 
buserelin per day was found. In contrast, a release of 
1 .075 -:■ 0.029 ng of bu s s r e I i n / day was found for the PL6 
implant- The total -duration of the release of the peptid 
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was calculated from the cumulative rate of release. It 
is 221 + 29 days for the PHB implant and 46.5 * 1.2 day 
for the PLG implant. The PHB implant material is thus 
considerably more suitable for long-term release of pep 
5 tides than the copolymer of lactic ocid and glycolic 
acid (50:50) used for comparison. 
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T HE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. An implant containing a regulatory peptide or one 

of its analogs as the active compound and naturally 
occurring po I y~ D C - ) -3- h y d r o xy b u ty r i c acid of the formula 

HO-CH-CHL-CO- ( O-CH-CK, -CO- ) 0-CH-CH 0 -COOH 

I c. I <- I' I <^ 

•CK 0 CrL ' CH„ 

3 3 3 

in which n represents a nuabe r / h o t w e ; r< 500 J&nd - 25,000, as 
the biologically degrariable carrier. 

2 . Implant e s claimed in claim 1 , which c o n t ? i r> s 

buserelin(acetate) as the active compound. 
3. A process for Lhe preparation o f an implant as 

claimed in claini 1 , which comprises 

1 . dissolving the active compound in a low -molecular 

alcohol which has 1 to 4 carbon atoms and is optionally 
substituted by up to 3 fluorine atoms or in water or in 
a mixture of these two solvents, mixing the solution 
with the pcly~D~ C-)-3-hydrc>:ybuty ri c acid, drying the 
moist material and pressing the product, or 

2. dissolving the po ly-D (-) ~3~hydro xybuty ri c acid in a 
hslogenated aliphatic C-pC 4- hydrocarbon, mixing the 
solution with & solution of the active compound in a 
low-mo lecu la r alcohol which has 1 to 4 carbon atoms and 
is optionally substituted by up to 3 fluorine atoms, 
subjecting the resulting solution to spray-drying and 
pressing the dried material, or 

3. dissolving the po ly-D (-) -3-h y a ro xy but y r i c acid in 
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a halogenated aliphatic C-] - C^-h y d ro c a rbo n , 
suspending the active compound in this solution, 
pouring the suspension onto a suitable substrate, 
evaporating off the solvent and, if appropriate, 
dividing up the resulting film into pieces of suitable- 
si z e . 

4 . The process as c I s i n; e d in claim 3 , wherein the 

pressed piece or f i 1 n is comminuted in a further step and 
suspended in a solvent suitable for injection purposes- 

5. The process as claimed in els in 3, -wherein the 
active compound is dissolved in methanol. 

6. The process as. claimed in claim 3, wherein the 
carrier substance is dissolved in chloroform- 

DATED THIS 31st day of July, 1984 
HQECHST AKT IENGESLLSCHAFT 
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. Inrelttctes tablets, flakes sshI iai^tf-Msss 

"S . An J rr>kr i co.-ta- , r-r-g 2 re^latory peptide or one 

of its analogs as the actne compound and naturally 
occurring po\y~$ <~) -5-hydroxybutyr-ic acid of the formula 



HO- CH~ CH „ - C O- ( 0- CH - CH , - CO- } ,0- CH- 

. •' . | ! ^ * I 

5 3 3 



in which r< represenls a number between 500 and ZS^GGO, as 
the biologi cai ly degraded Le carrier. 



